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(54) Glucagon-like Insulinotropic complexes, compositions and methods 

(57) The present rivention provides novel com- 
plexes consistng of certain QLP-1 molecules associ- 
ated with a divalent metal cation that is capable of oo- 
precipitating with a GLP-1 molecule. Phamrmceutical 
compositions and methods of using such complexes tor 
entiancing the expression of insulin In B*type islet cells 
is claimed, as is a nriethod for treating maturity onset 
diat>etes mellitus in mammals, particidarty humans. 
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Description 

This invention relates to the field of pharmaceutical arvJ organic chemistry and provides novel compourds. and 
pharmaceutical compositions thereof, which are useful for enhancing the expression of insulin from niammatian pan- 

5 creatic B-type islet cells and for treating maturity onset diabetes mellitus in a mammal. 

The endocrine secretions of the pancreatic islets are under complex control not only by blood-borne metabolites 
(glucose, amino adds, catecholamines, etc.), but also by local paracrine influences. The major pancreatic islet hor- 
mones (glucagon, insulin and somatostatin) interact amongst their specific cell types (A, B, and D cells, respectively) to 
modulate secretory responses mediated by the aforementioned metabolites. Although insulin seaetion is predomi- 

10 nantly controlled by blood levels of glucose, somatostatin inhibits gluoose-mediated insulin secretory responses. In 
addition to the proposed interislet paracrine regulation of insulin secretion, there ^ evidence to support the existence 
of insulinotropic factors in the intestine. This concept originates from the observations that glucose taken orally is a 
much more potent stimulant of insulin seaetion than is a comparable amourrt of glucose given intravenously. 

The human hormone glucagon is a 29-amino acid peptide hormone produced In the A-cells of the pancreas. The 

15 hormone belongs to a multi-gene family of structurally related peptides that include secretin, gastric inhibitory peptide, 
vasoactive intestinal peptide arKi glicentin. These peptides variously regulate carbohydrate metabolism, gastrointesti- 
nal mobility and secretory processing. The principal recognized actions of pancreatic glucagon, however, are to pro- 
mote hepatic glycogendysis and gtyconeogenesis, resulting in an elevation of btood sugar levels. In this regard, the 
actions of glucagon are counter regulatory to those of insulin and may contribute to the hyperglycemia that accompa- 

20 nies Diabetes mellitus ((Lund, P.K.. et al., Proc. Natl. Acad. ScL U.S,A., 7g:346-349 (1982)]. 

Gucagon has been found to be capable of binding to specific receptors which lie on the surface of insulin producing 
cells. Glucagon, when txHjnd to these receptors, stimulates the rapid synthesis of cAMP by these cells. cAMP. in turn, 
has been found to stimulate insulin expression [Korman, LY. et aL Diabetes , 34:71 7-722 (1 985)]. Insulin acts to inhbit 
glucagon synthesis [Ganong. W.R. Review of Medical Physiology, Lange Publications, Los Altos. California, p. 273 

25 (1979)]. Thus, the expression of glucagon is carefully regulated by insulin, and ultimately by the serum glucose level. 
The glucagon gene is initially translated from a 360 base pair precursor to form the polypeptide, preproglucagon 
[Lund, efa/.. Proa Natl. Acad. Set. U.S.A. 73:345-349(1982)]. This polypeptide is subsequently processed to form pro- 
glucagon. Patzelt, C et at., Nature, 2&2:260-266 (1979), denx>nstrated that progtucagon was sut>sequently cleaved 
into glucagon and a second polypeptide. Subsequent work by lojnd, PK., etaL, Lopez LC, etal,, Proc. Natl. Acad. Sci. 

30 US.A., 20:5485-5489 (1983), and Bell. G.I., et al. Nature 302:716-718 (1983), demonstrated that the proglucagon 
molecule was cleaved inmediately after lysine-arginine dipeptide residues. Studies of progtucagon produced t>y chan- 
nel catfsh (Ictalurus purictata) irKjicated that glucagon from this animal was also proteolyteally cleaved after adjacent 
lysine-arginine dipeptide residues [Andrews R C. e/a/„ J. Biol. Chem., 2fiQ:39l0-3914 (1985), Lopez. LC, e/a/.. Proc. 
Natl Acad. Sci. U.S.A., 82:5485-5489 (1983)]. Bell, G.I., et al., supra, discovered that mammalian proglucagon was 

35 cleaved at lysine-arginine or arginine-arginine drpeptides. and denx)nstrated that the proglucagon molecule contained 
three discrete and highly honr^ogous peptide nrK>tecules which were designated glucagon, glucagon-like peptide 1 
(GLP-1) and glucagon-like peptide 2 (GLP-2). Lopez, et al. . concluded that g!ucagon-lil<e peptide 1 was 37 amino acid 
residues long and that glucagon-like peptide 2 was 34 amino add residues long. Analogous studies on the structure of 
rat preproglucagon revealed a similar pattern of proteolytic cleavage between adjacent lysine-arginrne or arginine- 

40 arginine dipeptide residues, resulting in the fornoation of glucagon, GLP-1 and GLP-2 [Heinrich. G., ef al., Endocrinol., 
1152176-2181 (1984)]. Human, rat, bovine, and hamster sequences of GLP-l have been found to be identical [Ghigli- 
one. M., et at., Diabetologia, 27:599-600 (1984)]. 

The conclusion reached by Lopez, et al. , regarding the size of GLP-1 was confirmed by the work of Uttenthal, LO.. 
€tal.,J. Clin. Endocrinol. Metebo/., 61:472-479 (1985). Uttenthal. e/a/., examined the molecular forms of GLP-1 which 

46 were present in the human pancreas. Their research shows that GLP-1 and GLP-2 are present in the pancreas as 37 
amino add and 34 amino acid peptides, respectively. 

The similarity between GLP-1 and glucagon suggested to early investigators that GLP-1 might have biological 
activity. Although some investigators found that GLP-1 could induce rat brain cells to synthesize cAMP [hloosein. N.M.. 
et al., Febs Lett, 1^:83-86 (1984)], other investigators failed to identify any physiological role for GLP-1 (Lopez, LC, 

so et al.). The failure to identify any physiological role for GLP-1 caused some investigators to question whether GLP-1 
was in fact a hormone and whether the relatedness between glucagon and GLP-1 nvght be artifactuaL 

Variants of GLP-1 (7-37) and analogs thereof, also have been disclosed. These variants arxl analogs include, for 
example, Gln^-GLP-1 (7-37). D-Gln^-GLP-I (7-37). acetyl-Lys^-GLP-l (7-37). Thr^^-Lys^^-GLP-1 (7-37). Lys^^-GLP-1 
(7-37) and the like, and derivatives thereof induding, for example, add addition salts. caitx>xylate salts, lower alkyi 

55 esters, and amides [see, e.g.. WO 91/11 457]. Generally, the various disclosed forms of GLP-1 are known to stimulate 
insulin secretion (insulinotropic action) and cAMP formation [see, e g., Mojsov, S.. Int. J. Peptide Protein Research, 
40:333-343(1992)). 

More importantly, multiple authors have denrx^nstrated the nexus between latx)ratory experimentation and mamma- 
lian, particularly human, insulinotropic responses to exogenous administration of GLP-1, particularly GLP-1 (7-36)NH2 
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andGLP-1 (7-37) fefifi, e.g., Nauck, MA. ef a/. Diabetologia. 36:741-744 (1993); Qutniak, M.. etal., New England J. 
of Medicine. a2fi(20):1316-1322 (1992); NaucK MA. etaL, J. Clin. //7Mesf.. 21:301-307 (1993); and "nxxens, B., ef a/.. 
Diabetes. 42:1219-1225 (1993)). 

More particulany, the fundamental defects identified as causing hyperglycemia in maturity onset diabetes are 

5 irrpaired secretion of endogenous insulin and resistance to the effects of insulin by nnuscle and liver [Galloway. J.S.. 
Dieibetes Care, 13:1209-1239, (1990)). The latter defect results in excessive production of glucose from the liver. Thus, 
whereas a normal individual releases glucose at the rate of approximately 2 mg/kgArtnute. In patients with maturity 
onset diabetes, this amount usually exceeds 2.5 mg/kg/minute resulting in a net excess of at least 70 grams of glucose 
per 24 hours. The fact that there exists exceedngly high conizations between hepatic glucose production, the lasting 

10 blood glucose and overall metabolic control as indicated by glycohemoglobin measurements [GaDoway. JA. susm; and 
Galloway. J.A., et al„ Clin. Therap.. 12:460-472 (1990)). it is readily apparent that control of the tasting blood glucose 
is a sine quo non for achieving overall normalization of metabolism suffiderTt to prevent the complication of hyperglyc- 
emia. In view of the fact that present fornre of insulin rarely normalize hepatic glucose production without produang sig- 
nificant hyperinsulinemia and hypoglycemia (Galloway. J A, and Galloway, J A. et aL. fiUQffl) alternative approaches 

15 are needed. 

Intravenous infusions of QLiP-1 (7-36)NH2 to produce twice normal serum concentrations have been demon- 
strated to produce the effects indicated in the table below: 





formal Subjects 


Patients With Maturity 
Onset Diabetes 


Meal glycemia (1) 

Fasting glycemia (2) 

Fasting glucagon (2) 

Post-prandial glucagon (1) 

Endogerwus insulin secretion 
in resporee to a meal (1) 

Ree fatty acids 


Unchanged 


Reduced 


Unchanged 
Reduced (3) 


Reduced 
Reduced 
Reduced 
Increased 

Reduced (2) 



(1) Gutraak. M.. et at , suxa- 

(2) Nauck, MA, et aL Diabetotoffa, suza- 

(3) Orskoy/. C. et al,. Diabetes . ^:65&«61 . (1 993). 



However, the long-term stability of GLP-1, particularly GLP-1 as a component of a pharmaceutical composition for 
administration to mammals, is questionable. In fact, when stored at the low tenperature of 4°C. by-products of GLP-1 
(7-37) have been found as early as eleven nx)nths after sanrple preparation (Mo^sov, S.. suoraV Thus, there exists a 

40 need for a nnore stable GLP-1 compound which can safely be administered to mammals in need of such treatmern. 

Furthermore, the biological half-lrfe of GLP-1 molecules, particularly those nDotecules which are affected by the 
activity of dipeptidyl-peptidase IV (DPP IV) is quite short For example, tiie biological half-life of GLP-1 (7-37) is a mere 
3 to 5 minutes arxi is further influenced by its rapid at^sorption following parenteral administration to a mammal. Thus, 
there also exists a need for a GLP-1 conripound which delays absorption following such administration. 

45 Accordingly, the present invention solves the problem of serum instability and short serum hatf-Bfe associated with 
native GLP-1 molecules. In addition, the compourxte of the present invention also provide delayed absorption toliowing 
parenteral administration and. consequently, should have extended biological haH-lives. Also provided are pharmaceu- 
tical compositions of the compourxte of the present invention, as well as mettKXls for using such compounds. 

The present invention provides a conplex consisting of a divalent metal cation associated with and capable of 

so copredprtating with a compound of the fomrula: 

R^-X-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr-Leu-Y-Qy-an-Ala-Ala-Lys-Z-Phe-lle-Ala-Trp-Leu-Val^ 
Gly-Arg-R2 
wherein: 

55 Ri is selected from the group consisting of L-histidine. D-histidine, desannino-histidine. 2-amino-histidine, 
hydroxy-histidine. homohistidine. alpha-fluoromethyl-histidine, and alpha-methyl-histicfine; 
X is selected from tiie group consisting of Ala. Gy. Val. Thr, lie. and atpha-methyl-Ala; 
Y is selected from the group consisting of Glu, Gn, Ala. TTir, Ser. and Gly; 
Z is selected from ttie group consisting of Gu. Gn, Ala. Thr. Ser. and Gly; 
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R2 is selected from the group consisting of NH2, and Gly-OH; 

providing that the compound has an isoelectric point in the range from about 6.0 to about 9.0 and further providing that 
when Ri is His, X is Ala. Y'is Glu, and Z is Glu, R2 must be NH2. 
5 Also provided by the present invention is a pharmaceutical composition comprising a conrtpound of the present 
invention in combination with one or nnore pharmaceutically acceptable carriers, diluents, or excipients. 

The present invention further provides a method for enhancing the expression of insulin comprising providing to a 
mammalian pancreatic B-type islet cell an effective amount of a compound of the present invention, as well as a method 
of treating maturity onset diabetes mellftus which comprises administering to a mammal in need of such treatment an 
10 effective anrxsunt of ,a compound of the present invention. 

One aspect of the present invention provides a conrtplex consisting of a GLP-1 molecule having an isoelectric point 
in the range from about 6.0 to about 9.0. complexed with a divalent metal cation. 

As used in the present specification, the term "GLP-1 nnolecuie" refers to naturally-occurring GLP-1 (7-36)NH2, 
GLP-1 (7-37), natural and unnatural functional analogs and derivatives thereof, and salts thereof. The amino acid 
15 sequence of GLP-1 (7-36)NH2 is wrell known in the art. but is presented below as a convenience to the reader: 
His^-Ala-Qlu-Gly^*^-T>v-Phe-Thr-Ser-Asp'^-Val-Ser-Ser-Tyr-Leu2*^-Glu-Gly-Gln-Ala-Ala^^^ 
Ala^-Trp-Leu-Val-Lys-Gly^-Arg-NHg. 

For QLP-1 (7-37), the cartxwy-termina! amide functionality of Arg^® is displaced with Gly at the 37th position of the 
GLP-1 (7-36)NH2 molecule. 

20 In addition, the existence and preparation of a multitude of protected, unprotected, and partially protected natural 
and unnatural functional analogs and derivatives of GLP-1 (7-36)NH2 and GLP-1 (7-37) molecules have been 
described in the art fee©, e.g., U.S. Pat Na 5,120,712 and 5,1 18.666. which are herein incorporated by reference, and 
Orskov, C. et al.. J. BioL Chem. . 264(22):1 2826-1 2829 (1989) and WO 91/1 1 457 (Buckley. D.L. et al. , published August 
iB. 1991)]. " 

25 As known In the art amino acid residues may be in their protected form in which both amino and carboxy groups 
possess appropriate protecting groups, partially-protected form in which either amino or cartx)xy groups possess 
appropriate protecting groups, or unprotected form in which neither amino nor cartx)xy groups possess an appropriate 
protecting group. Numerous reactions for the formation and removal of such protecting groups are descrbed in a 
number of starxiard v^rks including, for example, "Protective Groups in Organic Chemistry**, Plenum Press (London 
30 and New York. 1973); Green, TH., "Protective Groups in Organic Synthesis", Wiley (New York. 1981); and The Pep- 
tides", Vot. I. Schroder and Lubke, Academic Press (London and New Yori^ 1965). 

Representative amino protecting groups include, for example, formyl. acetyl, isopropyl. butoxycartx)nyl, ftuorenyl- 
methoxycartwnyl. cartx)benzytoxy, and the like. 

Representative cartxwy protecting groups include, for example, benzyl ester, methyl ester, ethyl ester, t-butyl ester, 
35 p-nitro phenyl ester, and the like. 

In addition to protected fonns in which both amino and carboxy groups possess appropriate protecting groups, the 
term "protected" also refers to those GLP-1 molecules in which the activity of dipeptidyl-peptidase IV is resisted or inhib- 
ited fegg. €.g., Mentlein, R„ et al. Eur. d Biochem., 214:829-835 (1993)]. In addition to GLP-1 (7-36) NH2, molecules 
which are protected from the activity of DPP IV are preferred, and Gly^-GLP-1(7-36)NH2^ Va!^-GLP-1 (7-37)OH, a- 
40 methly-AIa®-GLP-l(7-36)NH2, and GIy®-Gln2^-GLP-1(7-37)OH are more preferred. 

Derivatives of naturally-occurring GLP-1 molecules are those peptides which are obtained by fragmenting a natu- 
rally-occurring sequence, or are synthesized based upon a knowledge of the sequence of the naturally-occurring amino 
acid sequetKe of the genetic material (DNA or RNA) which encodes this sequence. The term "derivatives" also includes 
chemical modification of riatural or unnatural GLP-1 molecules. Processes for preparing these derivatives are well 
45 known to organic and peptide chemists of ordinary skill (see. e.g., WO 91/1 1 457. suc2£a}- 

GLP-1 molecules of the present invention also include analogs of GLP-1 (7-36)NH2 and GLP-1 (7-37) in which one 
or more amino acids v^ich are not present in the original sequence are added or deleted, and derivatives thereof. Spe- 
cifically. His and desamino-histidine are preferred for R^ so long as the overall isoelectric point of the nrx>lecule is in the 
range of about 6 to 9. Ala, Gly. and Val are preferred at the "X" position, so long as the overall isoelectric point of the 
so nrtolecule is in the range of about 6 to 9. Likewise, Glu, and Gin are prefened at the "Y" posrtran, so long as the overall 
isoelectric point of the molecule is in the range of about 6 to 9. Also. Glu. and Gin are preferred at the "Z" position, so 
long as the overall isoelectrk; point of the molecule is in the range of about 6 to 9. Finally, Gly-OH is preferred for R2, so 
long as the overall isoelectric point of the nDolecule is in the range of about 6 to 9. 

FurthernfKjre. the present invention includes a saft form of a GLP-1 molecule. A GLP-1 of this invention can possess 
55 a sufficiently acidic, a sufficiently tiasic, or both functional groups, and accordingly react with any of a number of inor- 
ganic bases, and inorganic and organic acids, to form a salt. Acids commonly employed to form add addition salts are 
inorganic adds such as hydrochloric ackJ. hydrobromic acid, hydroiodic acid, sulfuric acid, phosphoric add, and the like, 
and organic acids such as Q-toluenesulfonic acid, methanesulfonic add. oxalic acid, (^bromophenyl-sulfontc acid, car- 
bonic acid, sucdnic add. citric add, benzoic acid, acetic acid, and the like. Examples of such salts indude the sulfate. 
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pyrosuKate. bisutfate. sulfite, bisutfrte, phosphate, monohydrogenphosphate. dihydrogenphosphate, metaphosphate, 
pyrophosphate, chloride, brorrwje. iodide, acetate, propionate, decanoate, caprylate. aaylate. formate, is(^)utyrate, 
caproate, heptanoate, propiolate, oxalate, nialoaate, succinate, suberate, sebacale, fumarate. maleate. butyne-1,4Hiio- 
ate. hexyne-1,6-dtoate, benzoate. chlorobenzoate. methylbenzoate, dinitrot^nzoate, hydroxybenzoate, methoxyfc>en- 

5 zoate. phthalate, sulfonate, xylenesulfonate, phenytacetate, phenylpropionate. phenylbutyrate, citrate, lactate, gamma- 
hydroxybutyrate. glycolate, tartrate, methanesulfonate. propanesutfonate. naphthalene-1 -sulfonate, naphthalene-2-sul- 
fonate. mandelate. and the like. Preferred acid addition salts are those formed with nrvneral acids such as hydrochloric 
acid and hydrolxomic actd. and. especially, hydrochloric add. 

Base addition salts include those derived from inorganic t>ases. such as ammonium or alkali or alkaline earth metal 

10 hydroxides, carbonates, t)icart}onates. and the like. Such bases usefd in preparing the salts of this invention thus 
include sodium hydroxide, potassium hydroxide, anrvnonium hydroxide, potassium cartxrate. and the like. The salt 
forms are particularly prefened. 

Of course, when the compounds of this invention are used for pharmacotherapeutic purposes, those conrpounds 
may also be In the form of a salt, but the salt must be pharmaceuticaliy acceptable. 

15 Thus, QLP-1 nrK>lecules of the present invention include inter alia, those OLP-1 nnolecules which furYCtionalty dem- 
onstrate insulinotroptc activity. The term "insulinotropic activity** relates to the ability of a 5ut>stanc6 to stimulate, or 
cause the stimulation of, the synthesis or expressk>n of the hormone insulin. 

The insulirK>tropic property of a compourxi may be determined by providing that compound to animal cells, or 
injecting that compound into antnf>als arxJ nx^nitoring the release of immunoreactive insulin (IRI) into the media or dr- 

20 culatory system of the animal, respectively The presence of IRI is detected through the use of a radioimnfumoassay 
which can epecff ically detect insulin. 

Although any radk>immunoassay capable of detecting the presence of IRI may be employed, it is preferal>le to use 
a nnodificatkn of the assay method of Albano, J.D.M.. et ai. Acta Endocrinol. tTSl'-^7-S09 (1972). In this modification, 
a phoEphate/albunrin buffer with a pH of 7.4 is enptoyed. The incubatk>n is prepared with the consecutive addition of 

25 500 pJ of phosphate buffer, 50 pi cxf perfusate sample or rat insulin standard in perfusate. 100 pi of anti-insufin antiserum 
(Wellconie Latx)ratories: 1:40.000 dilutkxi), and 100 pi of ^^^0 insulin, giving a total volume of 750 pi in a 10x75 nrvn 
disposable glass tube. After incut>ation for 2-3 days at 4*^ C. free insulin is separated from antibody-tXHind insulin by 
charcoal separation. The assay sensitivity is 1-2 uU/mL In order to measure the release of IRI into the cell culture 
medium of cells grown in tissue culture, one preferably incorporates radk>active label into proinsuiin. Although any radi- 

30 oactive label capabe of lat)eHing a polypeptide can be used, it is preferable to use leucine in order to obtain lulled 
prdnsulin. Labelling can be done for any period of time suff ident to permit the formation of a detectably labelled pool 
of proinsiiin nx>lecules; however, H is preferat)le to incubate cells in the presence of riulk)active label for a 60 nvnute 
time period. 

Although many cell lines capable of expressing insulin can be used for determining whether a compound has an 
35 insulinotroptc effect, it is preferable to use rat insulinoma cells, and especially RIN-38 rat insulinoma cells. Such celts 
can be grown in any suitable medium; however, it is preferable to use DME niedium containing 0.1% BSA and 25 mM 
glucose. 

The insullnotropic property of a compound may also be determined by pancreatic rnf usioa The in situ isolated per- 
fused rat pancreas preparation is a nrKXjificatk)n of the method of Penhos. J.C., et al.. Diabetes, Jfi:733-738 (1969). 

40 Fasted male Charles River strain albino rats, weighing 350-600 g. are anesthetized with an intraperitoneal injectk)n of 
Amytal Sodium (Eli Lilly and Co.: 160 ng/kg). Renal, adrenal, gastrk:. and kiwer colonic blood vessels are ligated. The 
entire intestine is resected except for about four cm of duodenum arvJ the descending colon and rectum. Therefore, only 
a small part of the intestine is perfused, minimizing possble interference tjy enteric substarx^es with glucagon-Tike 
immunoreactivity. The perfusate is a nrKxirfied Krebs-Rlnger bicartx}nate buffer with 4% dextran T70 and 0.2% Ixsvine 

45 serum albumin (fraction V). and is bubbled with 95% O2 and 5% COg. A nonpulsatile flow. 4-channel roller bearing 
pump (Buchler polystatic. Buchler Instruments Division. Nudear-Chicago Corp.) is used, and a switch from one per- 
fusate source to another is acconplished switching a 3-way stopcock. The manner in which perfuskxi is performed, 
nnonitored. and analyzed follow the method of Weir, O.C., etaL, d Clin. Inestigat. §4:1403-1412 (1974). wNch is hereby 
incorporated by reference. 

50 The GLP-1 mdecules of the present invention are required to possess a histidine functionafity at the amino termi- 
nus. GLP-1 moleciies of the present invention may also possess a nrxxiif ied histidine functionality in lieu of the required 
histidine furKtionality. 

The term "modified histidine" refers to a histidine functionality which has been chemically or bidogicalty altered a 
an altered histidine functionalrty which has been synthesized dfi novo, but which retains its metal binding properties. 
55 Numerous such modified histidine functionalities arxj their preparation are known in the art arxl tndude. for exam- 
ple, D-histidine (WO 91/11457), desamino^istidine (WO 92/18531), 2namino-histidine [Levine-Pinto, H.. et aL Bio- 
chem. Biophys. Res, Commua. 103(4) 1121-1130 (1981)], p-hydroxy-L-histidine [Owa. T, eta!,, Chemistry Letters,pp. 
1873-1874 (1988)], L-homohistidine [Altman. J.. etaL, Synthetic ComnuJn.,ia^^^&^2) 2069-2076 (1989)], a-fluoronr>e- 
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thyl-histidine (U.S. Pat. NO. 4.347.374). anda-methylhistidine[0'Donnell. MJ., Synthetic Comun,, ^SP&By^^57'^^BS 
(1989)]. 

The GLP-1 molecules of the present invention further are required to have an isoelectric point in the range fronri 
about 6.0 to about 9.0. Numerous GLP-1 molecules having an isoelectric point in ths range have been disclosed and 
5 include, for example: 

GLP-1 (7-36)NH2 

GI/-GLP-1 (7-36)NH2 

Gln^-GLP-I (7-37) 

D-Gln--GLP-1 (7-37) 
TO acetyi-Lys^-GLP-l (7-37) 

Thr^-GLP-1 (7-37) 

D-Thr^-GLP-1 (7-37) 

Asn^-QLP-1 (7-37) 

D-Asn^-GLP-1 (7-37) 
75 Ser22.Arg23.Arg24^In26QLP-i (7-37) 

Thr^6-Lys^^-QLP-1 (7-37) 

Lys^^-GLP-1 (7-37) 

Arg23-GLP-1 (7-37) 

Arg2^-GLP-1 (7-37). and the like (see, e.g.. WO 91/11457. suora) . In addition, GLP-1 molecules of the present 
20 invention, when possessing each of the above-referenced modified histidine functionalities in lieu of the histidine func- 
tionality, have isoelectric points which fall v^thin the above-defined range. Methods for calculating or experimentally 
determining the isoelectric point of other GLP-1 molecules are known to or>e of ordinary skill in the art 

Methods for preparing the GLP-1 molecules of the present i nvention also are well known to an ordinarily skilled 
peptide chemist. 

25 In one method, GLP-1 molecules are prepared by the well-known solid phase peptide synthetic schemes described 
by MenifiekJ, J.M.. Chem, Soc.. 25:2149 (1962), and Stewart and Vbung. Solid Phase Peptic^ Synthesis, pp. 24-66. 
Freeman (San Francisco, 1969). However, it also is possible to obtain fragments of the proglucagon polypeptide or of 
GLP-1 (1-37) by fragmenting the naturally-occurring amino add sequence using, for example, a proteolytic enzyme. 
Further, it is possible to obtain the desired fragments of the proglucagon peptide or of GLP-1 (1-37) through the use of 

30 recombinant DNA technotogy as disclosed by Maniatis, T. et al., Molecular Biology: A Laboratory Manual, CSH (Cold 
Spring Hart>or, 1982). 

Likewise, the state of the art in molecular biology provides the ordinarily skilled artisan artother means by which 
compourvjs of the present invention can be obtained. Although it may be produced by solid phase peptide synthesis or 
recombinant methods, recombinant methods may be preferable because higher yields are possible. The basic steps in 
35 recombinant production are: 

a) isolating a natural DNA sequence encoding a GLP-1 molecule or constructing a synthetic or semi-synthetic DNA 
coding sequence for a GLP-1 molecule, 

b) placing the coding sequence into an expression vector in a manner suitat)le for expressing proteins either alone 
40 or as a fusion proteins. 

c) transforming an appropriate euKaryotic or proKaryottc host cell with the expression vector, 

d) culturing the transformed host cell under cor>drtions that will permit expression of a GLP-1 molecule, and 

e) recovering and purifying the recombinantly produced GLP-1 molecule. 

45 As previously stated, the coding sequences may be wholly synthetic or the result of modifications to the larger, 
native glucagon-encoding DNA. A DNA sequence that encodes preproglucagon is presented in Lund, et ai, Proc. Natl. 
Acad Sci. USA 22:345-349 (1982) and may be used as starting material in the semisyrrthetic production of the com- 
pounds of the present invention by altering the native sequence to achieve the desired results. 

Synthetic genes, the in vitro or in vivo transcription arxi translation of which results in the production of a GLP-1 

50 molecule, may t>e constructed by techniques well known in the art. Owing to the natural degeneracy of the genetic code, 
the skilled artisan will recognize that a sizable yet def nite rwmber of DNA sequences may be constructed, all of which 
encode GLP-1 molecules. 

The methodology of syrrthetic gene construction is well known in the art. See Brown, et al. (1979) Methods in 
Enzymology, Academic Press. N.Y.. Vol. 68. pgs. 109-151. DNA sequences that encode a GLP-1 molecule can be 
55 designed t>ased on the amino acid sequences herein disclosed. Once designed, the sequence rtsetf may be generated 
using conventional DNA synthesizing apparatus such as the Model 380A or 3806 DNA synthesizers (PE-Applied Bio- 
systems. Inc., 850 Lincoln Center Drive, Foster City. CA 94404). 

To effect expression of a GLP-1 molecule, one inserts the engineered synthetic DNA sequence in any one of many 
appropriate recombinant DNA expression vectors through the use of appropriate restriction endonucleases. See ^en- 
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e/ai/y Maniatis et aL (i 989) Molecular Cloning: A Laboratory Manua!, Cold Springs Harbor Laboratory Press, N. Y. , Vd. 
1-3. Restriction endonudease cleavage sites are engineered into either end of the GLP-1 mofecule-encoding DNA to 
facilrtate isolation from, and integration into, known amplification and expression vectors. The particular endonudeases 
employed will be dictated by the restriction endonudease cleavage patt&'n of the parent expression vedor to be 

s employed. The choice of restriction sites are chosen so as to properly orient the coding sequence with control 
sequences to achieve proper in-frame reading and expression of the protein of interest. The cocfing sequence must be 
positioned so as to be in proper reading frame with the promoter and rit>osome binding site of the expression vector, 
both of which are f undiona) in the host cell in which the protein is to be expressed. 

To achi&^e efficient transcription of the synthetic gene, it must be operaWy associated with a promoter-operator 

10 region. Therefore, the promoter-operator region of the synthetic gene is placed in the same sequential orientation with 
resped to the ATG start codon of the synthetic gene. 

A variety of expression vectors useful for transforming prokaryotic arvj eukaryotic cells are well known in the art. 
See The Promega Biological Research) Products Catalogue (1992) (Promega Corp.. 2800 Woods Hollow Road, Madi- 
son, Wl, 53711-5399): and Ttie Stratagene Cloning Systems Catalogue [^992) (StratageneCorp.. 11011 NtorthTorrey 

IS Pines Road, La Jolla, CA, 92037). Also, U.S. Patent No. 4,710,473 describes drcular DNAplasmid transformation vec- 
tors useful for expression of exogenous genes in E. coli at high levels. These plasmids are useful as transformation vec- 
tors in reoofTt>inant DNA procedures and 

(a) confer on the pfasmid the capacity for autononrK)us replicartion in a host cell; 
20 (b) control autorK>nnous plasmid replication in relation to the temperature at which host cell cultures are maintained; 

(c) stabilize maintenar>ce of the plasmid in host cell populations; 

(d) dired synthesis of a protein prod, indicative of ptasmtei maintenance in a host cell population; 

(e) provide in series restriction endonudease recognition sites unique to the plasnvd; and 
^fj^fe^PPjjf^fe mRNIA trar^iptioh: 

ss 

These circular DNA plasmkls are useful as vedors in recombinant DNA procedures for securing high levels of expres- 
sion of exogenous genes. 

Having construded an expression vector for a GLP-1 molecule, the next step is to place the vector into a suitable 
cell and thereby ccnstrud a recombinant host cell useful for expressing the polypeptide. Techniques tor transforming 

30 cells with recombinant DNA vedors are welt krxMvn in the art and may be found in such general references as Maniatis, 
et al. supra. Host cells made be construded from either eukaryotic or prokaryotic celts. 

Prokaryotic host cells generally produce the protein at higher rates and are easier to culture. Proteins which are 
expressed in high-level baderial expresskxi systems charaderistically aggregate in granules or indusion t)odies which 
contain high levels of the over expressed prdein. Such protein aggregates typically must be solubilized, denatured and 

35 refolded using techniques well known in the art. See Kreuger. et al. (1990) in Protein Folding, Gierasch and King, eds., 
pgs 136-142. American Association for the Advancement of Sdence Publication Na 89-18S, W^sNngton, D.C.; and 
U.S. Patent No. 4.923,967. 

Once the desired GLP-1 molecule Is prepared, providing it has an isoelectric pdnt in the range from about 6.0 to 
about 9.0. complexes of the present invention are prepared by conrplexing a desired GLP-1 mdecule with a divalent 
4c metal cation via well known methods in the art. Such metal cations indude, for exanple. Zn**, Mn**, Fe**, Co**, Cd**, 
Ni*^. and the like. Of the metal catfons, Zn*" is preferred. 

Generally, a desired GLP-1 molecule, having the required tsoeledrk; point, is oonnbined with a mixture of an appro- 
priate txiffer arxj an appropriate form of a metal cation. 

Appropriate buffers are those which will maintain the mixture at a pH range from about 6.0 to about 9.0, but wtvch 
45 will not interfere with the reaction. Preferred buffers indude Goode's buffers, particularly HEPES, and Tris and Tris ace- 
tate 

Appropriate forms of metal cations are any form of a divalent metal cation which is available to form a complex with 
a QLP-1 molecule of the present irvention. Preferably, a divalent metal cationic salt such as zinc chloride is provkJed in 
excess to prcvkle a molar ratio of tp to about 50 molecules of a divalent metal cation for each molecule of QI^-1 6ut>- 
so strake. 

The temperature employed In this step is that which is suff kaent to effed comptetfon of the reaction. Typrcally. the 
readkxi is run at anrtbiertt tenrperature. 

The produd of the present reaction, a crystalline or amorphous suspension, is isolated and purified using standard 
technk^ues. 

55 The present invention also provkies pharmaceutk^ compositions comprisirig a compound of the present invention 
in combination with a pharmaceutically acceptable canrier. diluent, or exdpienl Such pharmaceutical compositions are 
prepared in a manner well kr»own in the pharmaceutical art, and are administered indrvkiually or in combination wHh 
other therapeutic agents, preferably via parenteral routes. Espedally preferred routes include intramuscular and subcu- 
taneous adnrvnistration. 
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Parenteral daily dosages, preferably a single, daily dose, are in the range from about 1 pg/kg to about 1 .000 {igMg 
of body weight, although lower or higher dosages may be administered. The required dosage will depend upon the 
severity of the corxjition of the patient and upon such criteria as the patient's height, weight, sex, age. and medical Hb- 
tory. 

s In making the conpositions of the present invention, the active ingredient, which comprises at least one compound 
of the present invention, is usually mixed with an excipient or diluted by an exdpient. When an excipient is used as a 
diluent, it may be a solid, semi-solid, or liquid material which acts as a vehicle, carrier, or medium for the active ingredi- 

In preparing a fornujlation, it may be necessary to mill the active compound to provide the appropriate particle size 
TO prior to combining wrth the other ingredients. If the active compound is substantially insoluble, rt ordinarily is milled to 
particle size of less than about 200 mesh. If the active compound is substantially water soluble, the particle size is nor- 
mally adjusted by milling to provide a sut>stamially uniform distribution in the formulation, e.g., atx3Ut 40 mesh. 

Some exanrples of surtat>le excipients include lactose, dextrose, sucrose, trehalose, sorbitol, and mannttol. The 
compositions of the invention can be formulated so as to provide quick, sustained or d^ayed release of the active ingre- 
15 dient after administration to the patient by employing procedures well known in the art. 

The compositions are preferably formulated in a unit dosage form with each dosage normally containing from atx)ut 
50 pg to about 100 mg, more usually from about 1 mg to about 10 mg of the active ingredient. The term "unit dosage 
form" refers to physically discretie units suitable as unitary dosages for hunran subjects and other mammals, each unit 
containing a predetermined quantity of active material calculated to produce the desired therapeutic effect in assoda- 
20 tion with a suitable pharmaceutical excif^ent. 

For the purpose of parenteral administration, compositions containing a compound of the present invention prefer- 
at^ly are combined with distilled water and the pH is adjusted to about 6.0 to about 9.0. 

Additional pharmaceutical metfxxis may be employed to control the duration of action. Controlled release prepara- 
tions rmyJt>e achieved hyJhe use of polymers to complex or absorb a compound of the present invention. The controlled 
25 delivery may be exercised by selecting appropriate macromolecules (for example, polyesters, polyamino adds, polyvi- 
nylpyrrolidone, ethylenevinyl acetate, methylcellulose. cartx)xymethylcellulose. and protamine sulfate) and the concen- 
tration of macromolecules as well as the methods of incorporation in order to comrol release. 

Another possible method to control the duration of action by controlled release preparations is to incorporate a 
compound of the present invention into particles of a polymeric material such as polyesters, pdyarrano acids, hydro- 
30 gels, poly (lactic acid) or ethylene vinyiacetate copolymers. 

Alternatively, instead of incorporating a compound into these polymeric particles, rt is possifc>le to entrap a com- 
pound of the present invention in microcapsules prepared, for exanrple, by coacervation techniques or by imerfadal 
polymerization, for example, hydroxymethylcellulose or gelatin-microcapsules, respectively, or in collddal drug delivery 
systems, for example, liposomes, attximin microspheres, microemulsions, nanopartides, and nanocapsules. or in mac- 
35 roemulsions. Such teachings are disdosed in Remington's Pharmaceuttal Sciences (1980). 

The compounds of the present invention have insul inotropic activity. Thus, another aspect of the present invention 
provides a method for enhancing the expression of insulin comprising provkling to a mammalian pancreatic B-type islet 
cell an effective amount of a compound of the present Invention. 

Similarly, the present invention provides a method fa treating nr^turity onset diabetes mellitus in a mammal, pref- 
40 erably a human, in need of such treatment comprising administering an effective amount of a compound or composition 
of the present invention, to such a mammal. 

The following examples are provided to further illustrate the present invention. It is not intended that the Inventton 
be limited in scope by reason of any of the following examples. 

45 Exprppig 1 

Individual aliquots of 5 different GLP-1 nK)lecules were prepared by well-known, solid phase peptide synthesis arxl 
were lyophilized in sn^all vials. Portions of 0.1M HEPES (N-{2-hydroxyethyllpiperazine-N'-[2-elhanesulfonic add]) buff- 
ers at pH 7.4 containing various levels of zinc chloride were added to the aliquots to obtain a protein concentration of 
so about 0.1 mg/mL The samples were mixed and stored at amt>ient temperature (22*" C) for about 18 hours. The mixtures 
were then centrrfuged (Fisher Model 235C micro-centrifuge) for 5 minutes. The dear supernatants were pipetted from 
the tubes. The protein content of the supernatants was estimated by measuring their absort)ance at 280 nm in a spec- 
trophotometer (Gilford 260). The theoretical absort)ance value for a 0.1 mg/mL solution of the GLP-1 molecules at this 
wavelength in the 1 cm cuvettes is 0.207. The results of this experiment are shown in Table 1 . 

55 
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Table 1 



5 


Zn/GLP-1 
Molecule 


280 nm Absorbiance 




MOI3r riatio 


GLP.1 (7-36)NH2 


GI/-GLP-1 
{7-36)NH2 


Val^-GLP-1 
{7-37)OH 


a-methly-Ala®- 
GLP-I (7-36)NH2 


Gly8-Gln2i GLP-1 
(7-37)OH 




0 


0.172 


0.136 


0.187 


0.163 


0.167 


70 


0.3* 


0.099 


0.079 


0.191 


0.134 


0.113 




0.5 


0.057 


0.070 


0.184 


0.098 


0.082 




0.7 


0.035 


0.058 


0.180 


0.079 


0.069 


IS 


1-0 


0.039 


0.057 


0.173 


0.076 


0.065 




3.0 


0.048 


0.044 


0.110 


0.055 


0.055 



20 THs example shows ttiat only a small quantity of zinc is required to complex with and precipitate a significant por- 
tion of the GLP-1 molecules from these dilute solutions. 

Example 2 



25 5 mg Of GLP-1 (7-36)NH2 was completely dissolved in 2.5 mL of pH 7.4. zinc-tree 0,1 M HEPES buffer. An addi- 
tional 2.5 mL of pH 7,4. 0.1 M HEPES buffer containing 0,6 mM zinc chloride was quickly added. The approxin«te nrx)lar 
ratio of zinc to GLP-1 (7-36)NH2 in this sample is 1 to 1 . The solution immediately became cloudy and predpitation soon 
formed. The mixture was stored at amt>ient temperature (22*" C) for 18 hours. 

The precipitate became firmly attached to the bottom of the glass vial. The supernatant was conrpletely decanted 

30 by pipette. The precipitate was then completely dissolved in 5.0 mL of 0.01 N hydrochloric acid. The absorbance at 280 
nm was determined for both the supernatant and redissolved precipitate solutions. The zinc levels in these solutions 
were quantitated by atomic absorption spectrophotometry. The results of thte experiment are shown in Table 2. 



Table 2 





280 nm 
Absortsance 


Zinc Concentration 
In Parts per Million 


Supernatant (5 ml) 
Redissolved Precipitate (5 ml) 


0.118 
1.932 


9.02 
13.3 



This example shows that most of the QLP-1 (7-36)NH2 precipitated from the solution when the zinc-containing 
45 HEPES solution was added. The 280 nm absorbance value of 1 .932 indicates the GLP-1 (7-36)NH2 concentration of 
the redissolved predpitate is 0.933 mg/ml, or 283 pM, The zinc concentration of this same solution. 13.3 parts per mil- 
lion, is equivalent to a zinc concentration of 203 pM. Therefore, the molar ratio of zinc to GLP-1 (7-36)NH2 in the pre- 
cipitate was 0.71 7 to 1 . 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: ELI LILLY AND COMPANY 

(B) STREET: Lilly Corporate Center 

(C) CITY: Indianapolis 

(D) STATE: Indiana 

' (E) COUNTRY: United States of America 
IF) ZIP: 46285 

(ii) TITLE OF INVENTION: GLUCAGON-LIKE INSULINOTROPIC PEPTIDES, 
COMPOSITIONS AND METHODS 

(iii) NUMBER OF SEQUENCES: 1 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: K. G. Tapping 

(B) STREET: Erl Wood Manor 

(C) CITY: Windlesham 

(D) STATE: Surrey 

(E) COUNTRY: United Kingdom 

:m-ZJ:^>^:=2Sm3sd5m : 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: Macintosh 

(C) OPERATING SYSTEM: Macintosh 7.0 

(D) SOFTWARE: Microsoft Word 5.1 



(2) INFORMATION FOR SEQ ID N0:1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
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(ix) FEATURE: 

(A) NAME/KEY: Modif ied-site 

(B) LOCATION: 29.. 30 

(D) OTHER INFORMATION: /label= modif ied-site 

/note- "The arginine residue at position 30 is 
modified so as to replace the terminal carboxyl 
group with an amine." 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 

His Ala Glu Gly Thr Arg Thr Ser Asp Val Ser Ser Tyr Leu Glu Gly 
15 10 15 

Gin Ala Ala Lys Glu Phe lie Ala Trp Leu Val Lys Gly Arg 
20 25 30 



Claims 

2$ 1. A GLP-1 molecule complex consisting of a divalent metal cation associated with and capable of co-prectpitaling 
with a compound of the formula: 

Ri-X-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr-Leu-Y-Gy<3ln-Ala-Ala-Ly8-Z-Phe-lle-Aia-^^^ 
Lys-Gly-ArB-R2 
wherein: 

so 

Ri is selected from the group consisting of L-histkjine, D-histidine. desamino-histidine. 2-amino-histidine, 
hydroxy-histidine. homohistidlne» alpha-f luoromethyl-hstidine, and alpha-methyl-histidine; 

X is selected from the group consisting of Ala. Gly. Val. Thr, He, and alpha-methyl-Ata; 

35 

Y is selected from the group consisting of Glu. Gin. Ala, Thr. Ser, and Gly: 

Z is selected from the group consisting of Qu. Qn, Ala, Thr. Ser, and Gly; 

40 R2 is selected from the group consisting of NH2, and Gly-OH: 

providing that the compound has an isoelectric point in the range from about 6.0 to about 9.0 and further providing 
that when R<| is His, X Is Ala. Y is Glu, and Z is Glu. R2 must be NH2. 

45 2. A complex of Claim 1 wherein said divalent metal cation is zinc. 

3. A complex of Claim 2 v^erein is chosen from the group consisting of His and desamino-h^ine. 

4. A complex of Claim 2 wherein X is chosen from the group consisting of Ala, Gly. and Val. 

so 

5. A complex of Claim 2 wherein Y is chosen from the group consisting of Glu arid Gin. 

6. A conrplex of Claim 2 wherein Z is chosen from the group consisting of Glu and Gin. 
55 7. A complex of Claim 2 wherein R^ is His, X is Val. Y is Gu. Z is Glu. and R2 is Gly-OH. 

8. A complex of Claim 2 wherein R^ is His. X is Gly. Y Is Qln. Z is Glu. and Rg is Gy-OH. 
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9. A pharmaceutical brmulation which comprises as an active ingredient, a complex, or a pharmaceuticaHy accepta- 
. ble salt thereof, as claimed in any one of Claims 1 to 8 associated with one or more pharmaceutically acceptable 
carriers, diluents, or exdpients therefor. 

5 10. A GLP-1 molecule complex, or a pharmaceutically acc^tat>le salt thereof, as claimed in any one of Claims 1 to 8, 
for use in treating diabetes. 

11. A process for preparing a GLP~1 molecule complex as claimed in any one of Claims 1-8, which comprises mixing 
a GLP-1 molecule with a divalent metal cation. 

to 



75 



so 



25 



30 



35 



40 



45 
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